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Abstract 
Immersive virtual reality (IVR) is increasingly used for learning. However, research on specific 
designs for IVRs which can be used to enhance individual learning performance is still at an 
early stage. In this research-in-progress paper, we build upon theories on context-dependent 
learning to develop an explanatory design theory. We hypothesize that if the user learns in a 
virtual environment that represents the recall environment (environmental congruence), recall 
is facilitated. Additionally, if the IVR is designed with a high degree of sensory immersion, the 
effect of environmental congruence on learning is further increased through enhanced 
cognitive absorption in the technology. In contrast, cognitive absorption in the task should 
have a reversed effect. To test the explanatory design theory, we plan to conduct a 2 (learning 
environment: Room A vs. Room B) x 2 (sensory immersion: low vs. high) x 2 (recall 
environment: Room A vs. Room B) between-subjects laboratory experiment.  
Keywords:  Immersive virtual reality, cognitive absorption, context-dependent  
learning, place-dependent learning, explanatory design theory, design science,  
laboratory experiment 
 
Introduction 
Forms of immersive virtual reality (IVR), a technology in which the user is completely absorbed into 
by the use of head-mounted displays, are increasingly used for learning in different contexts. There are 
IVR applications used for learning in schools, universities and in health care (Martín-Gutiérrez et al. 
2017). Additionally, organizations such as VW started to use IVR for letting their employees learn new 
organizational processes (Hayden 2018).  
IVR has not only the advantage that learning can be designed in a way that is highly engaging, it also 
can be used to re-create places that are not easily available to the learner. For learning, the latter can be 
especially beneficial because of environmental context-dependent memory. According to research on 
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environmental context-dependent memories (Isarida and Isarida, 2014), learning and recalling in the 
same place is more beneficial for individual learning performance than learning and recalling in 
different places. However, research has not yet investigated if and how environmental context-
dependent memory effects can be recreated by using virtual learning environments for recall in a real 
physical place. With the research-in-progress paper at hand, we therefore would like to address the 
following research question. 
RQ: How can IVR be designed to enhance context-dependent learning when it is not possible to learn 
in the environment where recall takes place? 
Explanatory design theories (Baskerville and Pries-Heje 2010; Gregor 2009; Kuechler and Vaishnavi 
2012; Niehaves and Ortbach 2016) can provide a framework to answer this research question by not 
only stating how to design an artifact, but also explain why specific design options have specific effects 
(Gregor 2009; Kuechler and Vaishnavi 2012) through the use of structural equation modeling 
terminology (Niehaves and Ortbach 2016). In this research-in-progress paper, we draw upon theories 
on environmental context-dependent memory and cognitive absorption (CA) to develop an explanatory 
design theory for context-dependent learning that answers our research question (see Figure 1). We 
propose that environmental congruence enhances individual learning performance and that this effect 
is further increased by a high degree of sensory immersion which increases CA in the technology 
through heightened presence. We plan to conduct a 2 (learning environment: Room A vs. Room B) x 2 
(sensory immersion: low vs. high) x 2 (recall environment: Room A vs. Room B) between-subjects 
experiment to test the explanatory design theory.  
Theoretical Background and Model Development 
In this section, we explain theories on environmental context-dependent learning and draw upon 
theories on cognitive absorption to relate environmental context-dependent learning to virtual reality 
(see Table 1 for an overview of construct definitions). On the basis of these theories, we develop our 
research model regarding the relationship between sensory immersion, environmental congruence, 
cognitive absorption in task and technology, and individual learning performance (see Figure 1 for a 
hypotheses overview in the proposed model). 
Table 1. Construct definitions 
Construct Definition Source 
Cognitive Absorption in  
Task (CA_TASK) 
 Cognitive absorption is defined as an enjoyable 
state of deep (cognitive) involvement in the 
performed task. 
(Csikszentmihalyi 
1990) 
Cognitive Absorption in 
Technology (CA_TECH) 
 Cognitivie absorption is defined as an enjoyable 
state of deep (cognitive) involvement with the 
technology used. 
Agarwal and 
Karahanna (2000) 
Telepresence Telepresence refers to perception of the user in 
contrast to the technology design. It is defined as 
the degree to which an individual perceives to be 
in a distant place. 
(Schultze 2010, 
2014) 
Sensory Immersion Sensory immersion describes the design of the 
technology in contrast to the perception of the 
user. It is defined as the degree to which a 
technology can achieve convincing illusion of 
reality to the users’ senses. 
(Schultze 2010, 
2014; Slater and 
Wilbur 1997) 
Environmental Context-Dependent Learning 
Theories about context-dependent memory (Isarida and Isarida 2014; Smith and Vela 2001) state that 
different contextual cues can affect recall of target information. Whereas target information is defined 
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as the information that should be remembered, contextual cues represent information that is not the 
target information but was present (physically or mentally) during encoding. If the context is encoded 
with the target information, the context can be used as retrieval cue for remembering (Isarida and Isarida 
2014). Therefore, the learning performance of individuals (individual learning performance, ILP) can 
be enhanced through the use of context-dependent learning. 
Theories about environmental context-dependent memory specify this effect for aspects related to the 
environment in which the target information was learned (Isarida and Isarida 2014). Environmental 
context can consist of the larger environment, such as place (Smith and Vela 2001) or specific aspects 
of the environment, such as odor (Isarida et al. 2014), background color (Isarida and Isarin 2007), or 
background music (Isarida et al. 2017). For example, when an employee learns how to use a machine, 
new to the organization in an office, different elements of the learning environment (e.g. lightning, 
desktop computer, background music) can be encoded with the target information during learning. 
Therefore, recall of the target information might be hindered, when the employee tries to remember it 
in a different learning environment, such as a production hall, which consists of different environmental 
elements. 
 
Figure 1.   Explanatory Design Theory for Context-Dependent Learning 
With physical reinstatement of the environment in which the learning took place, recall is facilitated 
(Godden and Baddeley 1975; Isarida and Isarida 2014; Smith et al. 1978). In the case of the employee, 
if they return to the office, the physical reinstatement of the environmental context could enhance recall, 
because the elements of the environmental context were encoded together with the target information. 
However, physical reinstatement is often difficult in practice. Returning to the office for recall every 
time the machine gives an error message which the employee learned at the office would be time-
consuming. Additionally, returning to the office might not be a helpful solution if the employee has to 
remember the information in the production hall while using the machine and not in the office. 
Therefore, an alternative to physical reinstatement would be mental reinstatement – the mental 
visualization of the environmental learning context. However, mental reinstatement can be too difficult 
in some circumstances (Canas and Nelson 1986) or needs to be requested explicitly in order to be used 
for some individuals (e.g. older adults, Fernández and Alonso 2001). 
With the use of IVR, it is possible to simulate the context almost completely without being physically 
located in the initial learning environment. Thus, with the use of IVR in the learning situation, 
employees could benefit from the advantages of physical reinstatement without the costs of mental 
reinstatement. However, research on using IVR in the learning situation and recall in the actual physical 
environment has not yet been done. Based on the described place-dependent memory effects in real 
learning and recall environments, we assume that learning and recall in a congruent environment is 
more beneficial to the user than learning and recall in an incongruent environment. Regarding the 
design, we therefore hypothesize that learning in a room that is congruent to the recall room is more 
beneficial for recall than learning in a room that is incongruent to the recall room. 
H1: Environmental congruence leads to a higher ILP than environmental incongruence. 
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Cognitive Absorption 
In the field of learning, cognitive absorption (CA), also called flow, refers to a state in which an 
individual is completely involved with a task (CA_TASK, Csikszentmihalyi 1990). CA_TASK is 
usually identified to be a desirable state for learning (see Table 1 for an overview of construct 
definitions). However, some research on CA_TASK suggested that high levels can be detrimental 
because context effects are blocked out (Magni et al. 2013). Likewise, research on environmental 
context-dependent learning has indicated that a high involvement with the task, and therefore high 
CA_TASK, decreases ILP because the environment is blocked out (Smith and Vela 2001). We therefore 
hypothesize that CA_TASK moderates the effect of environmental congruence on ILP. 
 H2: CA_TASK moderates the relationship between environmental congruence and ILP. For 
individuals with a low level of CA_TASK, the relationship between environmental congruence and ILP 
will be higher than for individuals with a high level of CA_TASK. 
In the field of Information Systems, CA has been conceptualized as the state of being completely 
immersed in a technology (CA_TECH, Agarwal and Karahanna 2000; Burton-Jones and Straub 2006), 
letting the role of the context strongly depend on the technology referred to. For example, in the study 
of Agarwal and Karahanna (2000), the technology in which an individual was cognitively absorbed in 
was the web, whereas Burton-Jones and Straub (2006) referred to MS Excel. If these constructs initially 
developed in the context of technology acceptance are adapted in the field of learning, it is important to 
note the different implications a high CA_TECH might have in both cases. If an individual has to learn 
something in the web, a high CA in the web does not necessarily imply a high CA_TASK because the 
web can be used in a range of task-unrelated ways very easily. In contrast, MS Excel still can be used 
in task-unrelated ways while being highly cognitive absorbed (e.g. drawing pictures instead of 
calculation), but the affordance for these alternatives is probably much lower than in the case of the 
web.  
In the context of IVR, CA_TECH leaves the user even more room for task-unrelated activities. By 
sealing the participants from the actual world through a head-mounted display and earphones, an almost 
completely immersing new virtual world is created. Therefore, context that would traditionally be 
neither part of the task nor part of the technology (e.g., a cupboard displayed in the IVR) becomes a 
part of the technology. Thus, the meaning of CA_TECH changes dramatically in IVR by covering a 
much broader range of the environment. 
Whereas the described unspecificity of CA_TECH is not that important for studies of technology 
acceptance, it needs to be addressed in the area of learning because of the confusion with CA_TASK. 
Studies that have used items that resembled CA_TECH instead of CA_TASK in the learning context 
showed that CA_TECH might enhance learning through a motivational route by affecting learner 
satisfaction (Leong 2011) and continued use (Guo et al. 2016) as well as perceived learning (Reychav 
and Wu 2015). However, these studies did not vary cognitive absorption experimentally and used 
technologies such as computers, smartphones or tablets instead of IVR. For the relationship between 
CA_TECH and learning in an IVR, a qualitative research gives initial support for a relationship between 
CA_TECH and learning (Kampling 2018). Therefore, we want to address this research gap and 
investigate whether CA_TECH has an influence on actual (instead of perceived) learning outcomes for 
declarative knowledge. 
In the field of context-dependent learning in an IVR, CA_TECH might influence the relationship 
between environmental congruence and learning. We assume that a higher CA_TECH before the 
learning task will lead to a stronger encoding of contextual information which can then strengthen the 
relationship between environmental congruence and learning. 
H3: CA_TECH moderates the relationship between environmental congruence and ILP. For 
individuals with a high level of CA_TECH, the relationship between environmental congruence and 
ILP will be stronger than for individuals with a low level of CA_TECH. 
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Immersive Virtual Realities and Cognitive Absorption  
IVR can enhance the sense of “being there” – usually called telepresence – (Schultze 2010, 2014) by 
presenting a high degree of sensory immersion to the user. Whereas telepresence refers to the 
psychological perception of the user, sensory immersion refers to the objective criteria of the technology 
design. Sensory immersion is therefore defined as the degree to which a technology can achieve an 
inclusive, extensive, surrounding and vivid illusion of reality to the users’ senses, matches the users’ 
movements to the visualizations of the IVR, and presents a convincing plot to the senses of the user 
(Slater and Wilbur 1997). 
Different factors of sensory immersion influence telepresence positively (Cummings and Bailenson 
2016) which in turn is positively related to CA_TECH (Faiola et al. 2013). High sensory immersion 
should therefore lead to higher telepresence and CA_TECH than low immersion. We therefore 
hypothesize an interaction effect of sensory immersion and environmental congruence on ILP, which 
is mediated by CA_TECH for sensory immersion. 
H4a: There is an interaction effect of sensory immersion and environmental congruence on ILP. High 
sensory immersion strengthens the effect of environmental congruence on ILP more than low sensory 
immersion. 
H4b: The interaction effect of environmental congruence and sensory immersion is mediated by 
CA_TECH for sensory immersion. 
Method 
Participants and Design 
We plan to recruit 200 students of Information Systems and Business for the experiment who receive a 
compensation of 5€ for their participation. We use a 2 (learning environment: Room A vs. Room B) x 
2 (immersion: low vs. high) x 2 (recall environment: Room A vs. Room B) between subjects design. 
We rely on Information Systems and Business students as participants because with them, we can let 
them take the IVR experience at a physical location where they learn frequently (the IS department). 
For the recall setting, we can then use one place in which they have never been (the research center) 
and one place in which they are only occasionally (the main university). By doing this, we will be able 
to create a similarity to the situation in which the user wants to learn in an environment which they can 
visit only with difficulty and therefore does not necessarily visit it often. 
Materials 
Hardware and Software. The entire virtual environment is designed with the game engine Unity and 
the use of a 360° camera as well as the use of 3D laser scanning for the two rooms in which the learning 
takes place. The use of the 3D laser scanning makes sure that the participants can walk freely in the 
room and sit on a chair and at a table that are modeled in accordance with the real ones in both contexts. 
The chair is tracked with a HTC Vive Tracker to allow participants to sit down without falling. All 
participants wear a head-mounted display (HTC Vive) for viewing the IVR in the learning phase. In 
front of the HTC Vive, the Leap Motion technology (similar to Schwind et al. 2017) is mounted for all 
participants, even though it displays the tracked hands into the virtual scene in real-time only for 
participants in the high sensory immersion condition. Additionally, we let the participants in all 
conditions wear three HTC Vive trackers (two on each foot and one on the hip) for full-body tracking 
with Ikinema Orion which are also only functional for participants in the high immersion condition1. 
For the audio aspects within the experiments, a noise cancelling headphone is used. At the beginning, 
each participant is fitted with the headphone and active noise canceling. 
Learning Task. Comparable to similar studies used for context-dependent learning (e.g., Godden and 
Baddeley 1975; Smith et al. 1978), we use a word list consisting of 40 common, four-letter words that 
                                                     
1 We use this approach to control for effects of the hardware. https://ikinema.com/orion  
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the participants have to remember. The words are presented via headphones and the space between 
words consists of an interval of 3 seconds. 
Sensory immersion. In the low sensory immersion condition, participants wear a head-mounted display, 
controllers to interact with the virtual environment, and a headphone through which no sound is played. 
Instead of having a body, participants only see two controllers with which they interact in the virtual 
world. In the high sensory immersion condition, participants wear a head-mounted display and, using 
Leap Motion, they can interact with the virtual environment using their hands which are displayed 
through Leap Motion in the VR. Additionally, they can see a body when they look down which is 
tracked through the HTC Vive trackers. Background music is played through the headphones, different 
for each context. 
Contexts. Both contexts are presented virtually in the laboratory of the Information Systems department 
of the local university for the learning phase and are later visited physically for the recall phase. The 
contexts differ in how the two rooms look and where they are located. Room A is located at the research 
center of the local university which is about 15 minutes by bus from the Information Systems 
department. Room A is designed similar to an office and participants sit at a table on which a desktop 
computer, a telephone and various office tools stand. They look at a flip chart and a cupboard filled 
with books. A specific background music is played in the room. Room B is located at a building in the 
main university which takes about 20 minutes by bus from the Information Systems department and 
about 10 minutes by bus from the research center. The room is associated with a specific background 
music consisting of different classical music pieces. Room B is similar to an office and participants sit 
at a table on which a desktop computer, a telephone and various office tools stand. They look at a flip 
chart and a cupboard filled with books. A different background music consisting of other classical music 
pieces is played for Room B with the same tonality and tempo (similar to Isarida et al. 2017, who used 
a design in which background music did not affect mood).  
Procedure 
The experiment is divided in two sessions, the first one for the learning phase and the second one for 
recall. The first phase, were the exposition to the IVR-setting takes place, is located at the Information 
Systems department of the local university. Participants are tested individually. When they enter the 
laboratory, the experimenter tells them that the experiment is about experiences in VR and explains 
them how to put on the head mounted-display and the trackers. After participants have put on the head-
mounted display, they see the outside of the building in which Room A or Room B is located in a 360° 
video. Then they see a virtual walk through the door of the building and enter it. In the building, they 
walk to the door of either Room A or Room B (depending on the building). Participants are then 
instructed by headphones to open the door either with the controllers in the low immersion condition or 
with their hands in the high immersion condition. They can then walk freely towards the chair to sit at 
the table. After they answer the presence and CA_TECH questionnaires, they are told that they hear a 
word list and that they should try to remember the words. Participants then hear the 40-word word list. 
Afterwards, similar to the procedure of Smith et al. (1978) the word list is presented again and 
participants have ten seconds between each word to rate the affective value of each word on a continuum 
from “good” to “bad” using either the controllers (low body tracking) or their hands (high body 
tracking). We use this approach to induce a sense of closure for the session and prevent participants 
from rehearsing the list between sessions. Participants then answer the questionnaire for CA_TASK. 
Participants are told that they should come to either Room A or Room B on the next day at a specific 
time in order to answer a final questionnaire and to receive their compensation fee. 
The second session takes place about 24 hours later and is located either at the research center of the 
university (Room A) or a building in the main university (Room B). When they arrive at the room, the 
experimenter explains to the participant that they should write down as many words as they can 
remember in a surprise free recall test. The experimenter then leaves the room for 10 minutes. 
Afterwards, subjects are asked whether they have rehearsed any words between sessions, fill out the 
questionnaire of perceived room similarity between learning and recall room, answer questions for 
perceived learning, receive their compensation fee and are thanked and debriefed. 
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Measures 
Individual learning performance. Individual learning performance is measured by the number of items 
recalled and by a perceived learning questionnaire adopted from Magni et al (2013). 
Cognitive absorption. We adapt the 5-item-measure of Burton-Jones and Straub (2006) for CA_TECH 
and CA_TASK. We frame the CA_TECH items towards the technology, similar to Burton-Jones and 
Straub, and the CA_TASK items towards the task, similar to Magni et al. (2013).  
Manipulation checks. We use the Igroup Presence Questionnaire (Schubert et al. 2001) as manipulation 
check for Immersion and questions for perceived room similarity as manipulation checks for 
environmental congruence. 
Discussion 
With the experiment, we plan to show that environmental congruence can be designed in IVR and that 
is enhanced by sensory immersion through CA_TECH. By letting participants learn a word list, an 
approach that is often used in basic research on memory, we want to show that the proposed explanatory 
design theory can be used for a range of different tasks. Whereas the relevance for practice would have 
been more obvious with a task that focused on application in an organization, recall of a word list 
represents a basic function of memory in general. Therefore, the underlying mechanisms of the 
explanatory design theory should apply for most tasks in which recall of declarative knowledge is 
relevant. 
On the basis of our results, we expect that future research can extend our explanatory design theory to 
different types of knowledge (e.g. implicit knowledge), compare it with the effects in reality, and use it 
as basis for identifying additional design options to enhance ILP. Specifically, as we operationalized 
sensory immersion by varying different design features (tracking level, the use of an avatar and 
background music) to enhance the feeling of being in a specific place, future research can identify 
whether there are differences in the role they play for environmental context-dependent memory or if 
there are design options that are more relevant than the ones we selected. 
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